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ABSTRACT 
Complete data f rom 30 rocket-borne experiments at 
Wallops Island, Virginia, Churchill, Manitoba, Canada, and 
Ascension Island in the South Atlantic Ocean are presented. 
Temperatures ,  p ressures ,  densities, and wind velocities 
have been derived from recorded t imes  of explosions and 
sound a r r i v a l s  in the grenade experiment and f rom impact 
and static p re s su re  measurements  in the pitot- static tube 
experiment, but no attempt has  been made to  analyze the 
meteorological significance of these measurements.  E r r o r  
analyses  are included for  the resu l t s  of each of the 27 
grenade experiments. Tabulated grenade experiment re- 
su l t s  f rom Churchill in 1956 to 1958 and Guam in 1958 are 
presented as an appendix. 
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AND MESOSPHERE, 1964 
by 
W. Smith, J. Theon, L. Katchen, and P. Swartz 
Goddard Space Flight Center 
INTRODUCTION 
In 1964 a total of 30 rocket grenade and Pitot-static tube experiments were  performed at Wal- 
lops Island, Virginia, Churchill, Canada, and Ascension Island, in the South Atlantic Ocean, by 
Goddard Space Flight Center.  This  repor t  presents  the data  obtained in these experiments;  how- 
ever ,  these data have not been analyzed for  the i r  meteorological significance. Rather,  this r epor t  
should be considered as a record of the unsmoothed, raw measurements  which may se rve  as the 
bas is  of fur ther  investigation and interpretation of the s t ruc ture  of the atmosphere.  
Also included as an appendix to this repor t  are the grenade experiment data taken at Churchill 
f rom 1956 to  1958 (Reference 1 )  and at Guam in 1958 (Reference 2). A complete tabulation of these 
data has  not been previously published. 
The grenade experiment and Pitot-static tube experiment a r e  two of the severa l  techniques 
employed in the NASA Meteorological Sounding Rocket Program, the objective of which is to obtain 
as representat ive as possible a synoptic sample of the s t ruc ture  of the mesosphere and lower ion- 
osphere.  In o rde r  to extend the findings over  the widest  possible geographic area, to  permi t  more  
accurate  analyses,  and perhaps eventually to  achieve a global network of data stations, the NASA 
soundings are coordinated with soundings in other  p a r t s  of the world whenever possible. The de- 
tails of the instrumentation and data  processing used in this program have been thoroughly de- 
scr ibed elsewhere (References 3 and 4). 
EXPERIMENTAL METHODS 
In the grenade experiment, 1-, 2-, and 3-pound explosive charges (grenades) are ca r r i ed  aloft 
in the nose cone of a Nike-Cajun sounding rocket. The  grenades a r e  ejected and exploded at 4- t o  
6-kilometer intervals. The  rocket position and hence the exact position of the explosion are de- 
termined by a precision r ada r  such as the FPS-16, a Doppler tracking system, or both. The  t ime 
of the explosion is detected by smal l  rocket-borne infrared photocells and te lemetered to  the 
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ground. A ground-based a r r a y  of hot-wire microphones with frequency response peaked at 4 
cycles  per  second is used to detect  and record  the sound waves f r o m  each exploding grenade. T h e  
measured experimental  parameters  are the t imes  of the grenade explosions, the positions of the 
grenade explosions, and the t imes  of a r r iva l  of the sound waves at the ground-based microphones. 
Elevation and azimuth angles are computed for  each ar r iv ing  sound wave front by applying a 
least-squares  f i t  to the a r r i v a l  t imes  at the various microphones. Each wave is then analytically 
t raced  up through the atmosphere by means of Snell's law. Data f rom radiosonde ascents  or f rom 
sma l l  meteorological rockets  obtained at the t ime of the grenade soundings a r e  used for  this 
t racing up to the first explosion; above this, the results of the experiment itself are used f o r  each 
successive explosion. This  apparent position of the wave is then compared with the known position 
of the wave source,  the grenade explosion. The amount by which the sound wave has  been dis- 
placed horizontally f r o m  one explosion to the next is a measure of the average wind velocity vec- 
t o r  in the layer  between any two adjacent explosions. The average speed of sound and hence the 
average temperature  between two adjacent explosions may also be determined. The temperature  
profile consis ts  of d i scre te  points; each point represents  an average value fo r  an  altitude layer  
between consecutive grenade explosions. The  temperature  profile is used to der ive p re s su re  
and density prof i les  f rom the p re s su re  at the highest radiosonde altitude. This  reference pres -  
s u r e  is available f rom the accompanying radiosonde and sma l l  meteorological rocketsonde 
(Reference 5). P r e s s u r e  is calculated by use  of the  hydrostatic equation and the equation state; 
an integration is performed over  the temperature  profile s ta r t ing  at  the known pressure.  
The  density at any level is then computed f r o m  the pressure ,  temperature ,  and universal  gas  
constant. 
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In the Pitot-static tube experiment, two radioactive ionization p res su re  gages are installed in 
the payload so that well-established aerodynamic relationships permit  these gages to  measure  
density and ambient p re s su re  as the Nike-Apache rocket ascends.  The gage outputs are telem- 
etered to  ground-based receiving and recording equipment. A t ra jectory of the rocket is provided 
by r a d a r  tracking, Doppler tracking, or both to  determine the altitude of the measurements.  The 
measured experimental  pa rame te r s  are r a m  pressure ,  s ta t ic  pressure ,  and velocity and position 
of the payload in space.  The r a m  p res su re  is related to density by the Rayleigh equation and the 
equation of state in the continuum region and by a modified thermal  transpiration equation in the 
free-molecular-flow region. The  ambient p re s su re  is measured directly in the continuum region 
and is corrected for  the thermal  transpiration effect in the free-molecular-flow region. The tem- 
pera ture  profile can be computed utilizing the p res su re  and density profiles and the equation of 
state or by integrating density using a form of the hydrostatic equation. 
The rocket-borne experiments were launched f r o m  three sites: Ascension Island (8"S, 14W), 
Churchill (59"N, 94W), and Wallops Island (38"N, 75W) because they represent  typical equatorial, 
subarctic,  and temperate  locations, respectively. Table 1 summar izes  the t ime, date, and site 
of each sounding. Seven soundings (four grenades and three  pitot-tubes) were  made at Ascension 
Island, seven soundings (grenades) were  made at Churchill, and sixteen soundings (grenades) 
were  made at Wallops Island. The Ascension Island soundings include a day-night pa i r  of profiles 
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T a b l e  1 
S u m m a r y  of Sounding Data .  
D a t e  
24 J a n u a r y  1964 
29 J a n u a r y  1964 
29 J a n u a r y  1964 
29 J a n u a r y  1964 
4 F e b r u a r y  1964 
4 F e b r u a r y  1964 
5 February 1964 
5 F e b r u a r y  1964 
13 F e b r u a r y  1964 
13 F e b r u a r y  1964 
13 F e b r u a r y  1964 
15 A p r i l  1964 
15 A p r i l  1964 
18 A p r i l  1964 
18 A p r i l  1964 
7 M a r c h  1964 
7 Augus t  1964 
8 Augus t  1964 
12 Augus t  1964 
12 Augus t  1964 
16 Augus t  1964 
16 Augus t  1964 
17 Augus t  1964 
18 August  1964 
18 Augus t  1964 
5 N o v e m b e r  1964 
6 N o v e m b e r  1964 
6 N o v e m b e r  1964 
6 N o v e m b e r  1964 
19 N o v e m b e r  1964 































*These experiments were performed by the University c 
investigator, under contract to GSFC. 
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on 15 April and the Wallops Island soundings include four profiles made during a 17-hour period 
on 5 and 6 November, which were  intended to observe diurnal variations. Six soundings were  
made nearly simultaneously f rom Ascension Island, Churchill, and Wallops Island. In addition, 
four nearly simultaneous soundings were  made f rom Ascension and Wallops Islands and eight 
were  made f rom Churchill and Wallops Island. 
The resu l t s  of the 30 soundings are presented in Figures 1 through 30. In the grenade experi- 
ment resul ts ,  the directly measured  pa rame te r s  of t empera ture  and wind are tabulated in computer 
printout form (left-hand page). Tables  of interpolated temperature,  computed p res su re ,  percent 
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pres su re  deviation f r o m  the 1962 U. S. standard atmosphere (Reference 6), computed density, and 
percent  density deviation f r o m  the standard atmosphere as a function of height are tabulated 
(right-hand page). The  winds at five kilometer intervals  are tabulated in component form; 
these  components are linear interpolations of the measured winds. The individual e r r o r s  in the 
measured winds and tempera tures  are a l so  tabulated. The  pitot-tube resu l t s  present  measured 
p res su re  and density and derived temperature .  The  p res su re  and density deviations f r o m  the 
1962 U. S. standard atmosphere (Reference 6) are tabulated with the measured data. 
ERROR ANALYSIS 
An e r r o r  analysis has been run on an  LGP 30 computer for all the grenade tempera tures  and 
winds reported herein. It was  determined by the previous e r r o r  analysis  published in Reference 
7 that more  than 90 percent of the experimental  e r r o r  is due to the inaccuracy in the determina- 
tion of the sound a r r iva l  t imes  at the various microphones, which produces e r r o r s  in the com- 
puted azimuth and zenith angles of the sound wave. Thus, by t reat ing only azimuth and zenith er- 
rors, a good approximation to the total e r r o r  was obtained. 
The following procedure was utilized to  obtain the azimuth and zenith e r r o r s :  Four independ- 
ent readings of the sound a r r iva l  t ime at each microphone were  obtained for  each grenade explo- 
sion. The average of these readings was  then used to obtain a leas t - squares  f i t  for  a spherical  
sound wave with a radius  equal t o  the distance between the explosion and the microphone a r r ay .  
The  leas t - squares  f i t  provides azimuth and zenith angles and their  standard deviations for each 
grenade. 
The problem of obtaining the wind and temperature  e r r o r s  was then broken into two par t s .  
Separate calculations w e r e  made, first for  the even l aye r s  between grenades and then for  the odd 
layers .  For each layer  a single azimuth and zenith deviation was computed f rom the formulas 
and 
where the subscr ipts  U and L indicate the azimuth and zenith deviations for  the upper and lower 
grenades bounding a given layer. The calculation is divided into two sections so  that the deviations 
of one layer  will not influence the temperature  and wind of any other  layer  significantly. 
The e r r o r  for  a given tempera ture  point was  computed f rom the formula 
Temperature error = {(AT.,) ' + (ATzen)' 
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where ATaL is the change in the temperature  induced by the azimuth deviation alone and ATz,, is the 
change in temperature  caused by the  zenith deviation alone. A s imi l a r  formula holds for  the wind. 
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FIGURE 1 
24 JANUARY 1964, 0016 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED EXROR TEMpERAluRE EXROR HEIGHT 
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29 JANUARY 1964, 0411 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND S P E D  ERROR TEalrA'IuRE ERROR HEIGHT 
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1964, 0417 GMT, CHURCHILL 
ERROR TEMP" ERROR HEIGfIT 
m/sec (f) degrees Kelvin degrees Kelvin (*) meters 
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meters component (+) component (+) 
LCCc\OC~. 000 - 16.215 78.930 - 21.939 70 717 
5C.431 
12.932 
19-53? - 6.CG1 
8. Goo 
21 0 128 
35.828 
16.414 
LEGEND - 5 m/sec i 50 m/sec 
DlRECTiON OF 
or less 
J L IO m/sec NORTH WIND 
10 




















































































. 9 6 9 4 u  00 
.7226570 00 
.6240797 00 













































































29 JANUARY 1964, 0418 GMT, ASCENSION ISLAND 
WIND DIRECTION WIND S P D  ERROR !rE?.lFERAIIuRE ERROR HEIQIT 
degrees m/sec  m/sec (f) degrees Kelvin degrees Kelvin (f) meters 
125.785 72.136 22.128 242.003 4.854 3965 2.75 0 
87.872 102.385 22 * 734 283 - 557 8.119 45209.650 
4.548 35 -803 30.713 271.162 10.372 49967.600 
WIND COMWNENTS 
m/sec 
HEIGHT SCUTH WEST 
meters component (+) component 
40000.000 39.308 - 61.225 
45000.000 - 2.065 -100.662 
LEGEND 
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or less 
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FIGURE 5 
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4 FEBRUARY 1964, 0146 GMT, WALLOPS ISLAND 
WIM, DIRECTION WIND SPEED ERROR TE"" ERROR REIBIT 
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i964, 0040 GMT, CHURCHILL 
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5 FEBRUARY 1964, 0320 
WIND DIRECTION WIND SPEED ERROR 
degrees m/sec m/sec (*) 
255 599 54.174 2.019 
283.522 84.855 5.367 
302.187 93 * 193 10.253 
276.547 79.551 12.723 
282.907 128.625 14.157 
284.264 76.663 41.175 
220.698 20.179 27.001 
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GMT, WALLOPS ISLAND 
T E m E R A m  ERROR HEIGHT 
degrees Kelvin degrees Kelvin (*) meters 
241.071 1.181 40274.800 
272 * 275 2.950 46145.350 
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255.864 16.893 61332.65 0 
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FIGURE 9 
1964, 0430 GMT, CHURCHILL 13 FEBRUARY 
WIND DIRECTION WIND SPEED 
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13 FEBRUARY 1964, 0430 GMT, WALLOPS ISLAND 
W I N D  DIRECTION W I N D  SPEED ERROR TrzmE" ERROR HEIGHT 
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13 FEBRUARY 1964, 0455 GMT, ASCENSION ISLAND 
WIND DIRECTION WIND SPEED ERROR T E M P E ”  ERROR HEIBIT 
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01 .160n43 02 
02 .1431966 02 
02 .8745034 01 
02 .2013195 01 





































15 APRIL 1964, 1556 GMT, ASCENSION ISLAND 
100 
80 



















































































D E " Y  TEMPERATURE 
kg/cu meter degrees Kelvin 
































































































































































































dev. from s M  
atmosphere ($1 


























































































































































































































































































WIND SPEED m O R  TEMPERATURE e8r0r HEIGHT 










13 * 733 


















































IiEIQiT soum msir 
meters component (+) comnonent (+) 
45000.000 - 3.207 13.276 
50000. ooo 5.450 14.460 
60000. ooo io. '558 20.950 
55000.000 - .545 18.843 
65000.000 - 18.ii4 17.235 
70000.000 - 26.804 27.028 
75000.000 21.367 - 1.1.275 
80000. ooo 25.674 31.711 
85000.000 - 2.230 25.046 
EGEND 
L 5 m/sec 50 m/sec \I \ 
\ or less 
DIRECTION OF - \  
L i o  m/sec NORTH WIND 160 200 240 280 WIND 
TEMPERATURE f'K) ( d s 4  
34 
HEIGHT 
m e t e r s  









































































































































































~ 8 7 6 2 5 6  03 
.1857213 03 
PRESSURE 























































































































0100 GMT, WALLOPS ISLAND 18 APRIL 1964, 
WIND DIRECI'ION WIND SPEED 
degrees m/sec  
297.448 31.003 
282.473 17.105 







330.812 122 * 757 
ERROR ! r E M P m  ERROR HEIGHT 






































































3.453 - 7.526 





L 5 m/sec 50 m/sec 
or less 

























































































































































































. 2 3 6 1 1 ~  01 











































































































7 AUGUST 1964, 0100 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED ERROR !rE&m" ERROR HEIGHT 











































































. soooo. 000 
85000.000 
- lk.513 
12.147 - 11.764 
- 34.737 
eo. 661 





- 39.533 - 99.623 - 33 -?31 - 57.632 
- 49.646 
- 19.397 - 37.296 - 2G.Ol.C 
1: .791 
8.:!?2 - 3G.534 
LEGEND 
L 5 m/sec 50 m/sec 
~ or less 
28'24 DIRECTION OF 
L IO m/sec NORTH WIND TEMPERATURE (%) WIND ( d s e c )  
38 
HEIGHT 




















































































. U s 1 5 3  01 
.183m 01 
-9171295 01 
.157 262 01 
.135kOO 01 




















































































































































































8 AUGUST 1964, 0400 GMT, CHURCHILL 
WIND DIRECTION WIND SPEED ERROR m m m  ERROR HEIQIT 

































































meters component. (+ ) 
A 50000.00C - 12.024 
550C0.000 - 16.095 - 8.754 
ih. 619 
7000c.0c0 5.743 
75000.000 - -331 
80000. OCO - 33.5 3 850C0.000 - 8.: 
EG 
L 5 m/sec l 
160 200 240 200.- J or less 













- 23.894 - 12.290 - 14.891 - 34.479 - 62.745 - 15.435 
? 3.749 
7 25.741 
N D  
50 m/sec 


















































































































































TEMPmTmE PRESSURE DENSITY 
: degrees Kelvin dev. from std dev. from std 






































































































































































































































































12 AUGUST 1964, 0149 
WIND DIRECTION WIND SPEED ERROR 




















90 * 971 
























160 200 240 
GMT, WALLOPS ISLAND 
TEbm" ERROR HEIGHT 


































- 1.1 .873 
- 12.341 - -113 
10.445 
17.957 - 14.5'59 


























34 - 5 m/sec 50 m/sec or less 














































































































DENSITY T E N m R A m  
























































































































































































































































































































































,308 73995 * 300 
A 
160 200 240 280- 






















.314 - .491 - 11.420 - 3.011 
15.437 - 16.988 - 22.260 
- 4.706 





L 5 m/sec P 50 m/sec 
DIRECTION OF 
or less 




















































































































































































~ 9 2 4 6 5 6  03 











. 1 6 3 ~ 6 4  03 
PRESSURE DENSITY 
dev. from a t d  dev. from s M  















































































































































































































16 AUGUST 1964, 0315 GMT, WALLOPS ISLAND 



























160 200 240 












! rJMPERAm ERROR €EIGHT 
degrees Kelvin degrees Kelvin (k) meters 
256.134 .328 40097.550 
252.648 1.114 56028.690 
239 - 229 1.401 61291.750 
225 - 253 1.515 66327.440 
218.245 1 299 72021.690 
211.349 1.856 78258.190 
189.551 3.617 83304.140 
266.317 .320 46008.200 
260.373 .508 51119.900 
178.267 3.956 87248.990 

















- 7.041 - 5.887 
- 23.038 - 25.619 - 10.743 





25.531 - 34..146 - 45.883 - 47.821 




L 5 m/sec L 50 m/sec 
DIRECTION OF I 
or less 
4 WIND 
(m/sec) \10m/sec NORTH WIND 1 
46 



























































PRESSURE DEnSITY l"lm PRESSURE DENSITY 
nt/sq m e t e r  kg/cu m e t e r  degrees Kelvin dev. from std dev. from std 











































































































































































































































































































































































































































































0553 GMT, ASCENSION ISLAND 16 AUGUST 1964, 




































ERROR TENPmm EXROR HEIGIT 
m/sec (i) degrees Kelvin degrees Kelvin (k) meters 
2.202 237.880 .343 35025 * 350 
4.250 254.439 .E86 39542.000 
13 - 995 272.851 2 545 49405.400 
7 279 261.207 1.261 52926.150 
.847 264.590 .145 5 6384.190 
13.302 244.90 2 347 59772.450 
53.813 220.629 6.895 63548.200 
55.900 230.340 8.138 67756.540 
19.910 194.794 2.535 71804,240 








65 000. ooo 
70000. ooo 
WIND C 0 M P O N ” E  
m/sec 
SCUM WEST 
component (+) component (+) 
- 2.206 10.717 
.560 - 17.135 - 14.834 18.226 - 44.671 28.936 
36.379 28.480 
14.867 54.900 - 16.429 23 - 930 
LEGEND 
L 5 m/sec 50 m/sec 
or less 
I DIRECTION OF L i o  m/sec NORTH WIND 






















































































dev. frm s M  








































17 AUGUST 1964, 




































1255 GMT, ASCENSION ISLAND 
ERROR TEMP" ERROR HEIGHT 

































HEIGHT SOUW WEST 
meters component (+) component (+) 
45000.000 - 6.090 - 9.680 
50000.000 - 5.713 8.128 
55000.000 - 1.995 9.372 
60000. ooo - 13.188 30.270 
65000.000 29.882 - 4.578 
nr 
70000.000 17.617 56.340 




/ LEGEND - 5 m/sec L- 50m/sec >&/ or less 
I DIRECTION OF WIND L io  m/sec NORTH WIND 
h"4 
50 
I 1.111. I I I 1111 I I 111 
HEIGHT 












































PRES- DENSITY TEwERA?uRE 




































































































































































































































































































































1964, 0115 GMT, 
ERROR T E ” T u R E !  
m/sec (*) degrees Kelvin 





4.905 199 - 700 
5 234 172.516 
6.006 158.420 
11.718 137.652 
2 325 266.584 

















degrees Kelvin ( f )  m e t e r s  
.465 38022.000 














- -930 - 6.495 - 6.485 - 17.416 - 7.879 - 1.074 
7.168 
16.597 - 6.596 - 0352 
WEST 
component (+ ) 
- 1.404 - 1.826 - 7.650 
- 10.301 - 15.055 - 12.556 - 18.471 - 23.734 - 39.285 - 41.409 
LEGEND 
L 5 m/sec 50 m/sec 
or less 











































. ~ 0 0 0 0 0  
















































































































































































































18 AUGUST 1964, 0125 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED ERROR TExPmm EZIROR HEIQIT 




















































component (+ ) 
SOUTH 
- 4.969 - 12.332 - 17 * 253 - 31 033 
- 22.119 











90823 - 390 
NEST 
component (+ ) 
- 23.683 






LEGEND - 5 m/sec 50 m/sec 
or less 
































































































































































dev. from std dev. from std 














































































































































































































5 NOVEMBER 1964, 1700 GMT, WALLOPS ISLAND 
W I N D  DIRECTION WIND SPEED ERROR TEMPERA- EBROR HEIGHT 














































235 - 832 
202.915 
202.370 
TEMPERATURE (OK) WIND 













1.716 5 0379.5 50 
3.086 55565.550 
3.864 60537.65 0 








component (+) component (+) 









554 - 3.743 
END 
L 5 m/sec 50 m/sec 
or less 
















































. ~ 0 0 o o O  05 
.78OoooO 05 
*7900000 05 













































































































































































































































6 NOVEMBER 1964, 0002 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED ERROR TENPERARTRE EXROR HEIQIT 













































160 200 240 2 80 
TEMPERATURE (“K) WIND 






































































L 5 m/sec 50 m/sec 
or less 
I DIRECTION OF L 10 m/sec NORTH WIND 
58 
HEIGHT 
m e t e r s  
PREssuRe 












































































6 NOVEMBER 1964, 0520 GMT, WALLOPS ISLAND 
W I N D  DIRECTION WIND SPEED 
degrees m/sec  
276.243 46.690 
249.282 44.484 
279 247 57.603 
285 533 55.991 
279 544 73.250 
266.688 57.842 




































degrees Kelvin (*) meters 





4 370 74260.940 
5.712 68591.690 
WIND c-Ts 
m / s e c  
ccprrponent (+) 
3.824 











L 5 m/sec L 50 m/sec 
DIRECTION OF 
or less 
I L 10 m/sec NORTH WIND 
60 
REIGHT 
































































































































































































































6 NOVEMBER 1964, 1000 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED ERROR llEbQ3” m O R  HEIQIT 









































































component (+ ) 
15.760 
19.957 












59109 - 35 0 
WEST 










L 5 m/sec 50 m/sec 
or less 
I DIRECTION OF - L IO m/sec NORTH WIND 
160 200 240 280 
TEMPERATURE ( O K )  WIND 
















. 4 4 m  
.450oooO 
.4600000 






































. 8 9 m  

























































































































































































DENSITY  TEMP^^ 
kg/cu meter degrees Kelvin 













































.1327"76 . U.23980 
. 9 5 m  
.8087524 - w4170 - 5852944 
5135488 
-4491783 - 3915764 
.901739 






19 NOVEMBER 1964, 1902 GMT, WALLOPS ISLAND 
WIND DIRECTION WIND SPEED ERROR !rEMPmm ERROR HEIGHT 





























































W I N D  CoMpONENTs 
m/sec 






14.~85 - 34.139 




















58.689 - 25.189 
LEGEND 
L 5 m/sec L 50m/sec 
I 
or less 
I DIRECTION OF 
240 280 4 
TEMPERATURE ( O K )  WIND 











. 3 7 m  
. 3 8 m  
.39- 


































- 7 5 0 ~  
.7600000 















nt/sq m e t e r  
























































































































kg/cu meter defpees Kelvin 
"3 
.1462744 
.io66636 - 9138053 
-7845123 






























.1275808 . lllm 
.9661278 
.e393961 











,1182893 - 9949042 
.836983J+ 






































































































































































































































































































































































































































































































































































































JULY 1957, 0530 GMT, CHURCHILL 
I'RESSURE DEIiSITY mMPFmTuRE PRESSW% DENSITY 
nt/sq meter kg/cu meter degrees Kelvin dev. from s td  dev. from std 









































































































































































































.2583048 . ?699162 
.2715275 
.2727354 . ?7'5533? 
.?743444 
.275148? 





















































































































































































































































































































































































































































































































































































































































































































0 3  
03 




































































































































































































































DENSITY w m m  



















































































































































































































































































































































































































































































































































































































































































































































































































































dev. from std dev. from std 

































































































































































































































































































































































































































































































dev. f r o m  std dev. from std 





















































































































































































27 JAN 1958, 1848 GMT, CHURCHILL 
PRESSURE 

































































































































































































1140 GMT, GUAM 
DEDSITY TEMPERAINRE pRESSJF33 DENSITY 
kg/cu meter degrees Kelvin dev. from std dev. from std 




























































































- 2599822 - 256337" 
















































































































































































!t!EMPmw Pms" DENSITY DEWSITY 
kg/cu meter degrees Kelvin dev. from s M  dev. from std 























































































































































.1328034- - 1955136- 
-25 707- 
.317 ;3 254- 




































































































































































1958, 1801 GMT, GUAM 
DENSITY TE"Am 

































































































































































































































































~ 6 9 1 8 3 7  M 
.2232494 02 
.1469281 02 
DENSITY DENSITY TEMP" PRESSURE 
kg/cu m e t e r  degrees Kelvin dev. from std dev. from std 


























































































































2737754 - 2957683 

















































































































































22 NOV 1958, 0957 GMT, GUAM 
PRESSURE DKNSITY TEMpmwRE 
nt/sq meter kg/cu meter degrees Kelvin 
.la46557 
.1589022 
































































































































.2496324 - 2193239 
-1923791 
~ 6 8 5 2 6 0  
.1474354 
.1288100 


















































































































dev. from std 


















































































































































24 NOV 1958, 1727 GMT, GUAM 
PRESSURE DENSITY TEMPFaAmRE PRESSURE DEEJSITY 
nt/sq meter kg/cu meter degrees Kelvin dev. from std dev. from std 















































































































.1183708 . id13062 
-9190794 





















































































































































































































84 NASA-Langley, 1966 
“The aeronautical and space activities of the United States shall be 
conducted so as i o  contribute . . . to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof .” 
-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 
TECHNICAL REPORTS: 
important, complete, and a lasting contribution to existing knowledge. 
TECHNICAL NOTES: 
of importance as a contribution to existing knowledge. 
TECHNICAL MEMORANDUMS: Information receiving limited distri- 
bution because of preliminary data, security classification, or other reasons. 
CONTRACTOR REPORTS: Technical information generated in con- 
nection with a NASA contract or grant and released under NASA auspices. 
TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 
TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles. 
SPECIAL PUBLICATIONS Information derived from or of value to 
NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 
Scientific and technical information considered 
Information less broad in scope but nevertheless 
Details on the availability of  these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. PO546 
I 
